The investigated fish pass is a part of а low-head hydrostatic pressure machine (HPM) located on an existing weir in the upper Iskar River. Monitoring of the hydraulic features of the fish pass was performed under different hydraulic conditions. Diversity and abundance of the local fish fauna was investigated with the aim to verify target fish species. A major limiting factor for using of the fish pass during flood periods was high water velocity (both inside the fish pass and at the fish pass downstream entrance), while during the low water discharge periods it was the insufficient water depth in some pools and the significant differences between the water levels in adjacent pools. The difference between the water levels at the entrance and exit of the fish pass reduces the chances for access of small-sized fish species. Some measures for improving fish pass functionality were developed. Several re-construction solutions were proposed in an attempt to help solving the identified problems.
INTRODUCTION
Physical obstructions in rivers are becoming increasingly recognized as a major factor negatively influencing the migration, diversity, population structure, spawning success and recruitment of freshwater fishes [Nilsson et The longitudinal connectivity of the upper course of the longest Bulgarian river -Iskar (Danube river basin) is severely disturbed by the existence of over 110 fragmentation structures of anthropogenic origin [Kanev et al. 2016] . A weir located at the area called "Mechkata" is the first obstacle for fish migration to the upper courses of Iskar and Palakaria rivers. At this point, restoration could increase the available habitat for the fish dispersal within 2 km from the Iskar River and another 20 km from the Palakaria River which is a part of the European ecological network Natura 2000. With limited financial resources for construction of new fish passes, solutions should be sought through co-building small eco-friendly hydro power plant (HPP) equipped with fish pass facilities [Therrien et al. 2000] . Such eco-friendly HPP with a so-called hydrostatic pressure machine (HPM) for very low head (i.e. 0.50-2.50 m) was developed and introduced during the research project HYLOW (www.hylow.eu) of the 7 th Framework Programme of the European Commission. An extensive study on the conditions for fish passage through the wheel of the HPM recorded a low level of fish injuries . Along with the HPM, an experimental fish pass was built as a tool for restoration of the river connectivity [Vowles et al. 2014] . A major challenge for the fish pass construction in the upper reaches of inland rivers in Bulgaria is the large amplitude in annual water discharge. This requires adaptation of fish passage facilities to seasonal hydraulic changes, as well as specific species composition.
This study aims at evaluating the hydraulic features of the fish pass under the different hydraulic conditions and developing the suggestions for improving the functionality of the facility. The specific tasks were formulated as follows: 1) Assessment of the fish pass hydraulic parameters under different water flow conditions; 2) Assessment of the fish species diversity, fish abundance and biomass downstream and upstream of the weir and identification of target species; 3) Formulation of measures to improve the efficiency of the fish pass in relation to the target species (if necessary).
MATERIAL AND METHODS

Study area
The small hydroelectric power plant equipped with the hydrostatic pressure machine (HPM) and the experimental fish pass were constructed at the existing weir in the upper section of the Iskar River (location "Mechkata"), Figure 1 . The geographic coordinates of the site are N 42 o 25'50.2" and E 23 o 31'53.9". The existing weir is a massive concrete structure and it was built in the mid1990s as a triangle-shaped measuring facility. The upper Iskar River flow regime is characterized by the low water period from August to October, and high water period from April to July, see Figure 2 .
Fish pass assessment
The existing fish pass is a technical, pool-weir type, see Figures A set of hydro-morphological and physical parameters was used to assess the passability of the fish pass, according to the methodology described in SNIFFER [11] . The main measured parameters were as follows: the water depth in each pool (min and max), in front of the entrance and after the exit; water velocity (bottom and 0.6 × height of the water column) in each pool, in front of the entrance and beyond the exit; visual survey for lips, standing waves, turbulence, resting areas for fish, debris. The water velocity was measured by means of a highly accurate water flow probe (model FP101, Global Water Instrumentation, Inc., USA). In some periods of high water flow, the fish pass was inaccessible and measurements could not be made. 
Fish collecting
Fish was collected during the low water level period (August 2017) using electrofishing devices on 4 sites located upstream and downstream of the weir. The taxonomic status of the species was determined in situ [Kottelat et al. 2007 ]. The conservation status was determined according to the Red Book of Bulgaria, the Biodiversity Act (2002), EU legislation and international conventions. Fish abundance and biomass were calculated as number of fish /grams per 100 m 2 . The criteria for determining the target fish species were their conservation status and migratory behavior.
RESULTS AND DISCUSSIONS
A total of 19 fish species belonging to 6 families (Cyprinidae, Salmonidae, Percidae, Centrarhidae, Cobitidae, Nemacheilidae) were found in the investigated sites. All 19 species were found downstream, and 13 of them upstream the weir. Two fish species inhabiting this river section before constructing the weir were not found and could be considered as extinct -bullhead (Cottus gobio) and nase (Chondrostoma nasus) [Kanev et al. 2015 , Uzunova et al. 2012a ]. Significant differences in the abundance of the dominant species downstream and upstream of the weir were 2 ). The abundance of the Romanian barbel (Barbus petenyi) was higher in the downstream area compared to the upstream. The opposite trends were observed for other dominant species -common minnow (Phoxinus phoxinus), chub (Squalius cephalus) and Balkan spined loach (Sabanejewia balcanica). The highest species abundance (28.75 ind. per 100 m 2 ) was recorded at the site situated upstream for common minnow (Phoxinus phoxinus). The predominance of limnophilic species observed upstream the barrage was a result of a "damming effect" and the accompanying changes to the habitat. The trend established after the construction of the fish pass in 2011. The increasing total fish abundance in the area above the barrier is still preserved [Uzunova et al. 2012a ].
The selected target species for which the fish pass facility was tested were those listed in Annex II of the EC Council Directive 92/43: stone gudgeon (Romanogobio uranoscopus), sand gudgeon (Romanogobio kessleri), bitterling (Rhodeus amarus), Romanian barbel (Barbus petenyi), Spined loach (Cobitis taenia) and Balkan spined loach (Sabanejewia balcanica) and also brown trout (Salmo trutta) as a short distance migratory fish [Uzunova et al. 2012b ]. More significant reproductive migration is carried out mainly by the species Salmo trutta and Barbus petenyi. With the exception of brown trout and chub, all species found in area are small-sized with limited swimming and jumping capacities.
The passability of the fish pass ranged between 0 and 0.6 under different hydrological conditions according to the SNIFER classification.
The water velocity (>2.0 ms
), both inside the fish pass and at the fish pass downstream entrance, was a major limiting factor for the entry and movement of fish through the fish pass during high water periods. High turbulence and standing waves downstream of the fish pass were observed under the flood conditions. The water level difference at the entrance of the fish pass was 0.25 m, which is higher than the overcoming ability of the most fish species inhabiting the upper river`s riches. The insufficient water depth in some pools and significant differences between water levels in adjacent pools constituted major limiting factors for fish migration during the low water periods. During low water periods, the speed of the water at the fish pass outlet was lower (< 0.05 ms -1 ) than the required attractive flow (< 0.2 ms -1 ). The operation of HPM under low water conditions led to higher water velocity in the power channel outlet comparing to the fish pass. The water velocity at the outlet was over 2.00 ms -1 , which distracted the fish and interrupted their accessibility to the downstream entrance of the fish pass. The low height of the water column on the separation slabs (~0.02 m); significant height of the last step before leaving the fish passage (0.32 m), sediment deposition between the upstream fish pass entrance and the dammed area additionally hamper the fish passability and reduce the functionality of the facility.
Recommendations and fish pass improvements
The pool-weir type fish passes are not very suitable for non-salmonid and small-sized fishes [BMLFUW 2012 ]. The local fish of the Iskar river fauna was dominated by fish species with low swimming and jumping abilities. The largest fish species that are expected to inhabit the area are chub, nase and brown trout, with the average maximum length of 0.25-0.35 m. Small species, like most of the identified target species, cannot handle high velocities and turbulences. Therefore, the level differences in adjacent pools should not exceed 7.00-13.00 cm, and energy dissipation should be below 100 Wm -3 . The slope of the fish pass should not exceed 4%. Provision of natural substrate at the bottom of the fish pass is needed as well, if necessary, embedded into concrete to avoid flushing it out. The downstream entrance of the fish pass has to be under the water surface and the bottom to merge with the natural bottom of the river.
As particular recommendations for a solution to the identified problems, different suggestions for improvements of the fish pass performance and the river connectivity were developed as particular recommendations to solve the identified problems. Some of them involve constructing an additional pool and a small ramp covered with The following objectives have to be met to achieve the recommended improvements: 1) The entrance to the fish pass must be more easily discoverable and accessible for smaller fish species; 2) The height of the last step of the fish passes, immediately before the upstream exit, must be reduced to allow fish to pass into upstream area; 3) In some pools of the fish pass, the resting zones have to be created; 4) In the entire channel, the flow turbulence has to be minimized, to avoid fish disorientation and exhaustion.
CONCLUSIONS
Reconstruction of existing weirs with environmental-friendly HPP equipped with fish pass facilities is a possible approach to the restoration of the river continuity and utilization of novel hydraulic solutions for energy production. On the basis of the fish diversity and abundance in upstream and downstream area, it can be concluded that the operation of the fish pass over several years achieves longitudinal river connectivity to some extent but some hydraulic features of the fish pass need more complete adaptation to the swimming characteristics of the local fish fauna.
The results of the particular study confirm both the generally proper concept of the original design and the necessity of proper monitoring and operation of the fish pass under real conditions. 
